Benzene is a toxic contaminant and can harm many aquatic species and cause serious damages to the 2 river eco-system, if released to rivers. In 2012, a major spill accident occurred on the Huaihe River in 3 Eastern China with 3 tons of benzene released to the river section 70 km upstream of a natural reserve. Two 4 emergency measures were taken to minimize the impact of the accident on the natural reserve: 1) flow 5 control by adjusting upstream sluices to delay the arrival of the contaminant plume at the reserve and 2) 6 in-situ treatment using activated carbons to reduce the contaminant concentration. Here we develop a 7
cross-section area (A m 2 ), i.e., (1)
where nm is the bed roughness factor, J (m) is the river bed slope, r (m) is the hydraulic radius, and χ (m) is 74 the wetted perimeter (Fig.2) . 75 The transport and transformation of benzene through each segment within the modeled river section are 76 governed by the 1-D transport-reaction equation (e.g. Wang et al., 2006; Fu et al., 2008) ,
where C (kg/m 3 ) is the benzene concentration in the river water, t (s) is the time, x (m) is the distance from 79 the accident point (upstream boundary of the whole river section), D (m 2 /s) is the dispersion coefficient, and 80 K (1/s) is the total attenuation coefficient. Three attenuation processes were considered: volatilization, AC 81 adsorption and natural attenuation (with benzene converted to another chemical). Thus the total attenuation 82 coefficient includes three parts, can be calculated based on the cross-section geometry.
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In order to derive the analytical solution, the model was developed based on the averaged flow rates 97 (constant) during the incident for the purpose of simplicity. For the 1-D transport-reaction equation (4) with 98 a sudden input, the analytical solution can be found below (e.g. Van Genuchten, 1982; Kumar et al., 2009) ,
where m (kg) is the sudden input mass, and A0 (m 2 ) is the area of the cross-section at the input (x0). However, 101 this solution is only applicable for the first segment (S1), where the sudden benzene mass input occurred at 102 the release point. For S2 to S10, the mass input boundary condition was given by the entry of the plume with 103 temporally varying concentrations. As shown in Fig. 3b , given C (xn, τ) as the input concentration at the 104 upstream boundary (xn) of the n-th segment, the benzene concentration varying along this segment can be 105 obtained as follows, where xn+1 is the distance of the downstream boundary of segment n or upstream boundary of segment n+1 110 from the Bengbu Sluice. τ (s) is the time for the n-th process, while t (s) is the time for the (n+1)-th 111 process. Note that equation (10) is applied progressively to the segments from S2 to S10, taking the output 6 from the current segment as the input to the next segment with the change of the cross-section area taken 113 into account; so C(xn+1,t) calculated by equation (10) should be corrected by a factor of An/An+1 before using 114 it as the input into segment n+1. 115 All the model parameters values are listed in Table 1 . The values of slopes (J) and roughness (nm) 116 factors were based on previous studies (Beng, 2010; Wang et al., 2014) . The relationships among average 4 and S1). With no flow control (Case B), the model predicted earlier arrivals and larger magnitudes of peak 137 concentrations at all the monitoring locations compared with Case A (Fig. 4 and S1). The arrival time of 138 peak concentration in Case A lagged that in case B by 21.6 h at P6 and 54.2 h at P11 (Fig. 4 ). Another way 139 to estimate the peak concentration time is based on the flow time, Ta, for a particular location (x) within 140 segment n calculated as follows,
where Li is the length of the i-th segment. Equation (12) Fig. 1 Map of the studied section of the Huaihe River with highlights of the accident point, 22 monitoring stations (P1-P22), 10 segment divisions (S1-S10), 10 cross-sections measured (H1-H10) and three AC input locations. Fig. 4 Comparison of measured and modeled benzene concentrations in the river water at P6 (a) and P11 (b). AC had not been put in P6, but in P11. The red line indicates the regulatory limit of benzene concentration in the river water. (a) (b) Fig. 8 (a) Normalized benzene mass in each phase varying with distance. The AC-adsorbed phase is suddenly much higher at the segments where the AC are input. (b) Proportions of benzene in each phase over the whole river section varying with time. The AC-adsorbed phase is increasing dramatically when the peak pollution reaches the segments where AC are input. 
